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Abstract
The cross sections of Bc absorption by nucleons are calculated in meson-baryon exchange
model using hadronic Lagrangian based on SU(4)/SU(5) flavor symmetries. The values of
different coupling constants used in the model are obtained from vector meson dominance
model, QCD sum rule or SU(4)/SU(5) flavor symmetries. Calculated values of cross sections
are found to be significantly different from the previous study in which b-flavored hadron
exchange is neglected. These results could be useful in calculating production rate of Bc
meson in relativistic heavy ion collisions.
Keywords: Relativistic heavy ion collisions, Meson-nucleon interaction, bottom-charm meson,
QGP, Meson-Meson interaction.
1 Introduction
Suppression of J/ψ due to color Debye screening in Quark-Gluon plasma (QGP) was suggested
by T. Matsui and H. Satz [1]. However, this suppression may also occur due to interaction of
J/ψ with hadronic comover mainly pions, ρ mesons and nucleons [2]. Due to large density of
these comovers the effect of interaction could be significant even for a relatively small values
of absorption cross section, a few mb [3]. Thus, the knowledge of absorption cross sections
is required to interpret the observed suppression of J/ψ in NA50 experiment at CERN [4].
Extensive work has been done to calculate these cross sections using perturbative QCD [5],
QCD sum-rule approach [6], quark potential models [7] and meson-baryon exchange models
based on hadronic Lagrangian [8, 9, 10]. Bottomonium states are also affected in the QGP due
to color Debye screening [1, 12]. In this case the related absorption cross sections are calculated
using meson-exchange model in Ref. [11]. Recently the suppression of ground and excited states
of Υ is observed in Pb+Pb collisions at CMS [13]. The observed suppression is expected to be
the blend of different effects including initial and final states interactions with the comovers.
Thus we require the knowledge of the cross sections of these interactions in order to separate
any suppression occurring due to QGP.
In the Refs. [14, 15, 16] the studies of mixed flavor heavy hadrons are also suggested to probe
the properties of QGP. These studies predict an enhancement in the production rate of heavy
hadrons like Bc meson, Ξbc, and Ωccc baryons due to QGP. However, once again the knowledge
of interaction cross sections are required to separate any enhancement occurring due to QGP.
In this regard Bc absorption cross sections by the pions and ρ mesons are recently calculated
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in Ref. [18, 19]. Calculated cross sections are found to be in the range 2 to 7 mb and 0.2 to
2 mb for the processes B+c pi → DB and B+c pi → D∗B∗ respectively, and 0.6 to 3 mb and 0.05
to 0.3 mb for the processes B+c ρ → D∗B and B+c ρ → DB∗ respectively, when the form factor
is included. Bc absorption cross sections by nucleons have been calculated in Ref. [17] using
meson-baryon exchange model. These cross sections are found to have values on the order of few
mb. The calculations in Ref. [17] included only c-flavored hadron and did not include b-flavored
hadron exchange processes which could significantly change the values of the cross sections. In
this paper, we have calculated these cross sections again in meson-baryon exchange model and
included the effect of b-flavor exchange as well as anomalous parity interaction.
This paper is organized as follows. In section II we define hadronic Lagrangian density and
derive the interaction terms relevant for Bc absorption by nucleons. In section III we produce
the amplitudes of the absorption processes. In section IV we discuss the numerical values of
different coupling constants used in the calculations. In section V we present results of cross
sections and study the effect of uncertainty in cutoff parameter. In section V the effect of
anomalous parity interaction is discussed. Finally, some concluding remarks are made in the
last section. The paper include an appendix in which derivation of SU(5) invariant Lagrangian
of baryons interaction with mesons is given.
2 Interaction Lagrangian
The following processes are studied in this work using meson-baryon exchange model.
NB+c → ΛcB, NB+c → ΛcB∗, NB−c → DΛb, NB−c → D∗Λb (1)
It is noted that Bc absorption by nucleons processes also include the channels in which Σc(b) is
produced instead of Λc(b). The cross sections of these processes may be related to that of Eq. 1
through isospin symmetry and are not included in this study. To calculate the cross sections of
the processes of Eq. 1, we require the following effective interaction Lagrangian densities.
LBcBD∗ = igBcBD∗D∗µ(B−c ∂µB − ∂µB−c B) + hc (2a)
LBcB∗D = igBcB∗DB∗µ(B+c ∂µD − ∂µB+c D) + hc (2b)
LDNΛc = igDNΛc(Nγ5ΛcD +DΛcγ5N) (2c)
LD∗NΛc = gD∗NΛc(NγµΛcD∗ +D∗ΛcγµN) (2d)
LBNΛb = igBNΛb(Nγ5ΛbB +BΛbγ5N) (2e)
LB∗NΛb = gB∗NΛb(NγµΛbB∗µ +B
∗µ
ΛbγµN) (2f)
LBCΛcΛb = igBCΛcΛb(Λcγ5ΛbB+c + Λbγ5ΛcB−c ) (2g)
Where,
D =
(
D0 D+
)
,D =
(
D
0
D−
)T
,D∗µ =
(
D∗0µ D
∗+
µ
)
,
B =
(
B+ B0
)T
, B∗µ =
(
B∗+µ B∗0µ
)T
,
N =
(
p
n
)
(3)
Pseudoscalar-pseudoscalar-vector meson (PPV) couplings given in Eqs. 2a and 2b are obtained
from the hadronic Lagrangian based on SU(5) gauge symmetry introduced in Ref. [11]. In this
Lagrangian the coupling constant of different PPV, VVV and PPVV couplings are expressed in
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terms of single coupling constant g. For example, the coupling constants gpiDD∗ , gpiBB∗ , gBcBD∗ ,
and gBcB∗D are given as following.
gpiDD∗ = gpiBB∗ =
g
4
, gBcBD∗ = gBcB∗D =
g
2
√
2
(4)
All the mass terms of vector mesons, which break the SU(5) symmetry, are added directly in
the Lagrangian density. Thus, it is expected that SU(5) symmetry relations given in Eq. 4 are
violated.
Baryon-baryon-pseudoscalar meson (BBP) and baryon-baryon-vector meson (BBV) couplings
given in Eqs. 2c to 2g can be obtained from the following SU(5) invariant Lagragians [10, 20].
LPBB = gP (aφ∗αµνγ5P βαφβµν + bφ∗αµνγ5P βαφβνµ) (5)
LV BB = igV (cφ∗αµνγV βα φβµν + dφ∗αµνγV βα φβνµ) (6)
where all the indices run from 1 to 5. The tensors P βα and V
β
α are defined by the pseduscalar and
vector meson matrices given in Ref. [11] and the tensor φαµν defines the JP = 12
+
baryons which
belongs to 40-plet states in SU(5) quark model (see the Appendix). The Lagrangian density of
Eq. 5 defines all the BBP couplings in terms of universal coupling gP and the constants a and
b. Similarly the Lagrangian density of Eq. 6 defines all the BBV couplings in terms of universal
coupling gV and the constants c and d. For the coupling constants gpiNN , gρNN , gKNΛ, gK∗NΛ
and given in the Eqs. 2c to 2g, we obtain the following results.
gpiNN =
1√
2
gP (a− 5
4
b), gBcΛcΛb =
3
4
gP (a− b),
gKNΛ = gDNΛc = gBNΛb =
3
√
6
8
gP (b− a) (7)
gρNN =
1√
2
gV (c− 5
4
d), gK∗NΛ = gD∗NΛc = gB∗NΛb =
3
√
6
8
gV (d− c) (8)
SU(5) flavor symmetry in badly broken due to large variation in the related quark masses.
Thus, these symmetry relations are also expected to be violated. It is noted that SU(4) flavor
symmetry also produces the same relations as given in Eqs. 7 & 8 for couplings of the hadrons
containing u, d, s and c quarks [10].
3 Amplitudes of Bc absorption processes
Shown in Fig. 1 are the Feynman diagrams of the four processes given by Eq. 1. Corresponding
to each process, we have two diagrams. In all t and u channel diagrams c and b flavors are
exchanged respectively.
Scattering amplitudes of these diagrams are given by,
M1a = −gD∗NΛcgBcBD∗(−p4 − p2)µ
−i
t−m2D∗
(
gµν − (p1 − p3)
µ(p1 − p3)ν
m2D∗
)
× uΛc(p3)γνuN (p1)
M1b = gBNΛbgBcΛcΛbuΛc(p3)γ
5
(
i
(p1 − p4).γ +mΛb
u−m2Λb
)
γ5uN (p1) (9)
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Figure 1: Feynman diagram for Bc absorption processes: (1) NB
+
c → ΛcB, (2) NB+c →
ΛcB
∗, (3) NB−c → DΛb, (4) NB−c → D∗Λb
M2a = igDNΛcgBcB∗D(p4 − 2p2)µ
i
t−m2D
uΛc(p3)γ
5uN (p1)ε
µ
B∗(p4)
M2b = −igB∗NΛbgBcΛcΛbuΛc(p3)γ5
(
i
(p1 − p4).γ +mΛb
u−m2Λb
)
γµuN (p1)ε
µ
B∗(p4) (10)
M3a = gDNΛcgBcΛcΛbuΛb(p4)γ
5
(
i
(p1 − p3).γ +mΛc
t−m2Λc
)
γ5uN (p1)
M3b = −gB∗NΛbgBcB∗D(−p3 − p2)µ
−i
u−m2B∗
(
gµν − (p1 − p4)
µ(p1 − p4)ν
m2B∗
)
× uΛb(p4)γνuN (p1) (11)
M4a = −igD∗NΛcgBcΛcΛbuΛb(p4)γ5
(
i
(p1 − p3).γ +mΛc
t−m2Λc
)
γµuN (p1)ε
µ
D∗(p3)
M4b = igBNΛbgBcBD∗(p3 − 2p2)µ
i
u−m2B
uΛb(p4)γ
5uN (p1)ε
µ
D∗(p3) (12)
Total amplitude of each process is given by,
Mi =Mia +Mib, ∀, i = 1, 2, 3, 4 (13)
Using the total amplitudes given in Eq. 13, we calculate unpolarized and isospin averaged cross
sections. The required isospin factor in this case is simply 1 for all four processes. It is noted
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Set 1 Set 2
Coupling Constant Value Method of derivation Value Method of derivation
gBcBD∗ & gBcB∗D 11.9 VMD, SU(5) 11.9 VMD, SU(5)
gDNΛc 13.1 gKNΛ, SU(4)/SU(5) 7.9 QCD sum-rule
gD∗NΛc 4.3 gK∗NΛ, SU(4)/SU(5) 7.5 QCD sum-rule
gBNΛb 13.1 gDNΛc , SU(5) 7.9 gDNΛc , SU(5)
gB∗NΛb 4.3 gD∗NΛc , SU(5) 7.5 gD∗NΛc , SU(5)
gBcΛcΛb -10.7 gDNΛc , SU(5) -6.5 gDNΛc , SU(5)
Table 1: Two sets of the values of coupling constants used in this paper.
that in the study of the processes of the Eq. 1, we do not include any diagram in which Σc or
Σb particle is exchanged. These diagram require BcΣbΛc and BcΣcΛb couplings in addition to
DNΣc, BNΣb, D
∗NΣc and B∗NΣb couplings. These couplings of Bc meson violate isospin (I)
and also not produced by the SU(5) invariant Lagrangian given in Eq. 5. Therefore, It is a good
approximation to neglect Σc or Σb exchange diagrams for the processes given in Eq. 1.
4 Numerical values of coupling constants
The values of the couplings gBcBD∗ and gBcB∗D are fixed by using gΥBB = 13.3, which is
obtained using vector meson dominance (VMD) model in ref. [11] and SU(5) symmetry result
gBcBD∗ = gBcB∗D =
2√
5
gΥBB [17]. In this way we obtain gBcBD∗ = gBcB∗D = 11.9. The
couplings gDNΛc and gD∗NΛc can be fixed by using SU(5)/SU(4) symmetry relations gKNΛ =
gDNΛc and gK∗NΛ = gD∗NΛc given in Eqs. 7 & 8 and the empirical values of the couplings gKNΛ
and gK∗NΛ given in ref. [21]. In this way we obtain the following results,
gDNΛc = 13.1, gD∗NΛc = 4.3 (14)
Whereas, the QCD sum-rule approach gives the following values of these couplings [22].
|gDNΛc | = 7.9, |gD∗NΛc | = 7.5 (15)
Due to significant difference between the values given in Eqs. 14 & 15, we use both of them
separately to study their effect on the calculated cross sections. However, It is noted that the
values given in Eq. 14 are less reliable due to the effect of breaking of SU(5)/SU(4) flavor
symmetries. There are no empirically fitted values available for the couplings gBcΛcΛb , gBNΛb
and gB∗NΛb , thus we use SU(5) symmetry relations given in Eqs. 7 & 8, which implies,
gBcΛcΛb = −
2√
6
gDNΛc , gBNΛb = gDNΛc , gB∗NΛb = gD∗NΛc (16)
The values of gDNΛc & gD∗NΛc in Eq. 14 give gBcΛcΛb = −10.7, gBNΛb = 13.1 & gB∗NΛb = 4.3,
whereas the values in Eq. 15 give gBcΛcΛb = −6.5, gBNΛb = 7.9 & gB∗NΛb = 7.5. Where, we
choose the sign of the couplings gDNΛc & gD∗NΛc in accordance with the Eq. 14. Two sets
of the values of the coupling constants used in this paper and methods of obtaining them are
summarized in Table 1.
5 Results and Discussion
Shown in Fig. 2 are the Bc absorption cross sections by nucleons for the four processes given in
Eq. 1, as function of total center of mass (c.m) energy. These cross sections are obtained using
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Figure 2: Bc absorption cross sections of the four processes using the values of the couplings
given in set 1. Solid and dashed curves represent cross sections without and with form factor
respectively. Lower and upper dashed curves are with cutoff parameter Λ = 1 and Λ = 2 GeV
respectively.
the values of couplings given in set 1. Solid and dashed curves in these figures represent cross
sections without and with form factors. Form factors are required to include the effect of finite
size of interacting hadrons. In the present work we use the following monopole form factor.
f3 =
Λ2
Λ2 + q2
, (17)
where Λ is cutoff parameter and q2 is squared three momentum transfer in c.m frame. In
Ref. [18], it is found that for charm and bottom mesons Λ could be in the range 1.2 − 1.8
GeV. However, we adopt a more conservative view and vary it from 1 to 2 GeV to study the
uncertainty in the cross sections due to cutoff parameter.
Fig. 2 shows that, for the processes (i) NB+c → ΛcB, (ii) NB+c → ΛcB∗, (iii) NB−c →
DΛb, (iv) NB
−
c → D∗Λb the cross sections roughly vary 2 − 5 mb, 0.05 − 0.3 mb, 0.1 − 2 mb,
and 0.1− 1 mb respectively in the most part of the energy scale 1, when the cutoff parameter Λ
is between 1− 2 GeV. Relatively high suppression due to cutoff in the processes 2 and 4 is due
to higher values of the masses of vector mesons D∗ and B∗. In Fig. 3, we present the plots of
cross sections using the values of couplings given in the set 2. Again the solid and dashed curves
in these figures represent cross sections without and with form factors respectively. These cross
sections roughly vary 5 − 15 mb, 0.05 − 0.2 mb, 0.1 − 1 mb and 0.1 − 0.6 mb in the most part
of energy scale, for the processes (i) to (iv), when the cutoff Λ is between 1 − 2 GeV. In table
2, we present the comparison of peak values of the cross sections for two sets of the coupling
1These approximate variations are defined for
√
s ≥ 9 GeV
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Figure 3: Bc absorption cross sections of the four processes using the values of the couplings
given in set 2. Solid and dashed curves represent cross sections without and with form factor
respectively. Lower and upper dashed curves are with cutoff parameter Λ = 1 and Λ = 2 GeV
respectively.
values. These results show that the values of set 2 increase the peak values of the cross sections
of the process 1 by the factor of ∼ 1.5 and decrease of the process 3 by the factor ∼ 4, whereas
the peak values of the processes 2 and 4 almost remain unchanged. In order to study the effect
of b-flavored hadron exchange, we also present in the table 2, the comparison of the peak values
with and without b-flavor exchange diagrams. The results show that the b-flavor exchange
between interacting hadrons significantly increases the peak values of the cross sections of the
first three processes for the coupling set 1 and processes (ii) and (iii) for the set 2. Generally, the
contribution of a diagram at tree level depend upon the mass of the exchange particle, coupling
product and the form of amplitude. Higher value of the mass of the exchange particle tends
to decrease the contribution of a diagram. However, in some case the other factors like the
higher value of the coupling product or the form of amplitude may significantly increase the
contribution even when mass of the exchange particle is increased. In our case two contributing
amplitudes for each process have different form and contain different coupling product. Thus,
the mere fact that the mass of bottom-hadron is higher than charm-hadron does not imply that
contribution of the bottom-exchange diagrams is lesser than charm-exchange diagrams.
6 Effect of anomalous parity interaction
The diagrams of the Fig. 1 are produced using PPV, BBP and BBV couplings defined in Eqs. 2.
However, if the PVV coupling of Bc meson due to anomalous parity interaction is also included
then two additional diagrams shown in Fig. 4 are introduced for the processes (ii) and (iv)
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Set 1 Set 2
Λ = 1 GeV Λ = 2 GeV Λ = 1 GeV Λ = 2 GeV
with b-exchange 6 mb 19 mb 10 mb 28 mb
NB+c → ΛcB without b-exchange 3 mb 7 mb 9 mb 23 mb
with b-exchange 0.25 mb 0.8 mb 0.3 mb 0.75 mb
NB+c → ΛcB∗ without b-exchange 0.08 mb 0.6 mb 0.03 mb 0.22 mb
with b-exchange 6 mb 14 mb 1.5 mb 4.2 mb
NB−c → DΛb without b-exchange 4.5 mb 10.5 mb 0.6 mb 1.5 mb
with b-exchange 0.6 mb 2 mb 0.7 mb 2.1 mb
NB−c → D∗Λb without b-exchange 0.6 mb 2 mb 0.7 mb 2.3 mb
Table 2: The peak values of the cross sections of the four processes with and without b-flavor
exchange, using coupling values of set 1 and 2.
respectively. The effective Lagrangian density defining the anomalous interaction of mesons is
discussed in [26]. Here, we report the relevant interaction term of the Lagrangian density as
following.
LBcB∗D∗ = gBcB∗D∗εαβµν
[
(∂µD∗ν)
(
∂αB∗β
)
B−c +B
+
c
(
∂αB
∗β)(
∂µD
∗ν)]
(18)
(b)
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N B−c
B∗
p3
p1
p4
p2
q = p1 − p4
(a)
Λc B∗
N B+c
D∗
p3
p1
p4
p2
q = p3 − p1
Figure 4: Additional Feynman diagrams for Bc absorption processes: (2) NB
+
c → ΛcB∗ and
(4) NB−c → D∗Λb, due to anomalous parity interaction.
The coupling constant gBcB∗D∗ , which has the dimension of GeV
−1, can be approximated
by gBcB∗D/MD in heavy quark mass limit [27]. Where, MD is the average mass of D and D
∗
mesons. The scattering amplitudes of the diagrams of Fig. 4 are given by,
M2c = gD∗NΛcgBcB∗D∗ε
αµβν(p4)α(p3 − p1)β −i
t−m2D∗
(
gνλ − (p3 − p1)ν(p3 − p1)λ
m2D∗
)
×uΛc(p3)γλuN (p1)εµB∗(p4), (19)
M4c = −gB∗NΛbgBcB∗D∗εανβµ(p3)β(p1 − p4)α
−i
u−m2B∗
(
gνλ − (p1 − p4)ν(p1 − p4)λ
m2B∗
)
×uΛb(p4)γλuN (p1)εµD∗(p3), (20)
Shown in Fig. 5 are the cross sections of the processes (ii) and (iv) with anomalous interaction
for the both coupling sets. The results show that the cross section of the process (ii) is increased
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by ∼ 0.2 mb and ∼ 0.5 mb for the coupling sets 1 and 2 respectively, in most part of the energy
range. Fig. 5 also shows that the effect of anomalous interaction on cross section of the process
(iv) is negligible for the both coupling sets. Although the anomalous interaction significantly
increases the cross section of the process (ii), but this effect is marginal on the total cross section
(i.e., the sum of four processes) due to relatively small value of the cross section of the process
(ii).
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Figure 5: Bc absorption cross sections of the processes (ii) and (iv) using the values of the
couplings given in set 1 and set 2. Solid and dashed curves represent the cross sections with and
without anomalous diagrams respectively, and dotted curves represent the contribution from
anomalous diagrams alone, i.e., without including the contribution from the interference terms.
Cutoff parameter Λ is taken 1.5 GeV.
7 Concluding Remarks
In this paper, we have calculated Bc absorption cross sections by nucleons in meson-baryon
exchange model using hadronic Lagrangian based on SU(4)/SU(5) flavor symmetries. This
approach has already been used for calculating absorption cross sections of J/ψ and Υ mesons
by pions, ρ mesons and nucleons. In order to calculate Bc absorption cross sections, we use
PPV, BBP and BBV couplings given in Eq. 2. Related coupling constants gDNΛc and gD∗NΛc
can either be fixed by SU(4)/SU(5) flavor symmetries or empirically using QCD-sum rules. We
have calculated absorption cross sections using both set of values for comparison. Whereas, for
the coupling constants gBNΛb , gB∗NΛb and gBcΛcΛb no empirical values are available, so we use
SU(5) symmetry relations. These estimates are less reliable as the SU(5) flavor symmetry is
broken due to large variation in the quark masses. It is noted that for the processes (i) and
(ii) only the b-flavor exchange diagrams depend upon these three couplings. Thus the effect
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of these couplings on the cross sections of the first two processes is less significant when the
contribution of b-flavor exchange diagram is small or negligible as in the case of process (i) for
coupling values of the set 2. However, for the processes (iii) and (iv), the amplitudes of both c
and b-flavor exchange diagrams depends upon these couplings. Thus, any change in the values
of these couplings could significantly change the cross sections of these processes irrespective
of the relative contribution of the two diagrams. We conclude that a more rigorous study on
these couplings could further improve our results. The anomalous parity interaction is found to
be significant only for the process (ii). The effect, however, itself marginal in total value of the
cross section due to lesser contribution from the process (ii).
A Appendix
In SU(5) quark model, JP = 12
+
baryons (anibaryons) are 40 (40)-plets of 1100 (0011) rep-
resentation and mesons are 24-plets of 1001 representation of SU(5) group, whereas SU(5)
invariant Lagrangian defining BBP or BBV couplings must be a singlet. Since 40 ⊗ 24 =
450⊕210⊕175⊕40⊕40⊕35⊕10, there are two possible BBP and BBV couplings as in case of
SU(3) and SU(4). These SU(5) invariant couplings are expressed in terms of irreducible tensors
P βα , V
β
α and φµνλ in Eqs. 5 and 6. The tensor φµνλ, which define J
P = 12
+
baryons, satisfies the
conditions φµνλ + φλµν + φνλµ = 0 and φµνλ = φνµλ. The relations defining J
P = 12
+
baryons
in terms of the elements of φµνλ for u, d, s and c quarks are given in ref. [20]. Here, we present
the relations defining the baryons with bottom quark(s).
Σ+b = φ115, Σ
0
b =
√
2φ125, Σ
−
b = φ225,
Ξ0b =
√
2φ135, Ξ
−
b =
√
2φ235,
Ξ′0b =
√
2
3
(φ513 − φ531) , Ξ′−b =
√
2
3
(φ523 − φ532) ,
Λ0b =
√
2
3
(φ521 − φ512) , Ω−b = φ335, Ω+ccb = φ445,
Ξ0bb = φ155, Ξ
−
b = φ552,
Ω−bb = φ553, Ω
o
bbc = φ554,
Ξ+cb =
√
2φ145, Ξ
0
cb =
√
2φ245,
Ξ′+cb =
√
2
3
(φ514 − φ541) , Ξ′0cb =
√
2
3
(φ524 − φ542) ,
Ω0cb = φ345, Ω
′0
cb =
√
2
3
(φ543 − φ534) , (21)
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